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S^tWaHfc&ft-C* 0 . M«T i . Zr, 

S. Ca, Sr, Ba, fo%> W£Ztlt><7)ML&-'&fri£i]* 
btr&mfrb&Ktl. x = y + a + b-C-fcD. xfiOj: 
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^-thmmt^mx-m. m±T\ ,zr. h^a- 

i\L>aM^h^fr^hffifrhmifi-i-. M'iiMg, 
Ca, Sr. Ba. & ft •! il & <D&fr£ty£fr htc 
*S*»6»tf:h.. x-y + a + b-CfcO. xliOiO* 
&<iftO. 5JaTC&9. yJ40«fcD*§<^0. 5& 
T-C'$> 0 - zlZOX < *90 . 1 5 WTT-fc 0 . b 
(i0«fc t 5^<^0. 1 5lUTT';5ft-k£*£ffik-$-ft 

[ft*JI3] M " ^MgT'&ftClk^lff&k-fftifjR 

«lXI42fcIB»«JiiaHfc**. 
[ffi&JJU ] atfb fc* UVI k SrWak^ittSfl 

[ffi^5] 0. UySO. 3 aTfo&Zk$:<ftWi 
fthUt3%. 1 ~4 wvvffuWcKlfcWJiBMIi^** 
[»*Ji6 ] b tfa i 9>h$ < k Srtfftk iTft 
if i — 5 <ov ^Mcte^oJfF^Hb-s*. 
[ !S*Ja 7 ] ifs^xg i ~ 6 tfov vffcj&H;:iE»*>JBIBMfc 
i k =H#®k-fft 'J *«*A«iftXl4 U +*J 

[||*JiS] SLiNi^Co, M 4 M' t 0 2 «: 
Itfft JBISHfciM* Jf&X'fc -3 "C - 

■Jf-^A, H's^K M, R.VM ' (C^t 

Jft&'&jgfcfiX. M'liMg, Ca, Sr. Ba, J>ftV> 

i,. x Co y M a M" b 0 2 (;;Tx = y + a+bt 
&»). xiiOJ:0**<»o. sfiTFCfcO. y«iOi 
0**<WO. 5WTOb f ), at40j:0*£<^0. 
1 5mTT*9, bi±0 J: 0*S<i»O . 1 SETTC* 

iSS£tt£»*WfRtTt*5 0 0'C~1 0 0 0°C«0 
IfflRR* 9 ] &lCL»\ SteW* 5 0 0'C-6 0 0 

iwrraiat-f ft t s 

1 0 ] a^fllS: 5 0 0 °C~ 

600 xtfJisKoiaKT. »4 n«ahHK 2 4 «na<oia«BK 
u ^700*0-90 ox: wBkoaiK^ ^4^~ 
& 2 4 asiaaraflwrt-* - k #^&ft - k swat -rs 

[ffi#n 1 1 ] IfiWRXSW 1 . «£«l*^$r< k t, 



^ 2 0 k P a 0&*#JE£*rtS SH»-C*&aWft - k 
[000 1] 

*Tf ft 'J f-^ AA«K-IWWt^ftti J:tf **>ft»#8;fc 
WTO- ft . $ 4> icltt&tiitf . *^ B Bi 'J ^ A«ft*» J: 
tX y ^ A >f is v%Mz.®.m ft F-7 LfcAWHHtW 
OJBSHfc^l&fe J: If* OfNR*atWi-S . 
[0002] 

[ J U AjfeSlirtfcfctf) £ -3 Sr&Efifffc* 

.14, a«^>ffifP*fflttt*+*. au**. 'J^^ 

4. ^^i-^^-iiuLkiom^w-rftk, 
[0003] cixi-c-, y f-^A^f 3i-yzuWK6^ v 

-Htf^Cttffl'tftAt^W'SrWWi. Li Co 
O, , L i N i 0 2 , S.t/L i M n 2 O, X'foiK. L 

W^t^il-tft^ffi^^*^^ • * V- K*tf4(-L i 
N i 0 2 St^L iCoOj &«effl-tftTO5rfljS»-o 
(4, ^k^£7)Uf-^AA)RS§{l:W* l *2 7 5mA • h r/ 
g ^a^iar^-r ft i k ft . *ixt- *» ^ 

UX-Z%\K Mm. IttMrL i N i 0 2 &lf L i CoO 
2 t^LTt4*-J 140-150 rnA-h r/gUHSffl 
Vftdk^t'^^TVu L i N i O, SV'LiCoOz « 

fefc^t cmM) ix y ^ASrAKKHxo* 
ftk, y ^ a ji 4>£ — v ft v >{± 3 ^ v 

^A*jfl*CKO*ftk. MMMtT^r^rtftWHlk 
■SJttLTV^ftBrfl^wfafeftWriHJI* 1 ®* - 
5l#jgC-r. L^t^ ASP!lkL-C{4, LiNiO 

•Cliiii^mSrlMSt-CV^ft. 

[0004] LiCo0 2 Xt^LiNi 0 2 (4'Jf-^A 
L i N i 0 2 i±L i C o 0 2 J; 0 fcfiSTS** 

^•C, K# (0 2 ) 

^■rCk* { J)ft. CW4. Dahn^, Sol id State Ionic 
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s, Vol.69, 265 <1994)T#8B"C&S. ^ot, — &(C 
ttfcfcL iNi.Oj SrifTflgcO U f-^<M X y-&MW.m 
izMiRtt Z b ii&i \ iuz. X . a/W h liJt«WJ£ft 

LiCoO. &tXL iNiO, fctffMr 0 . LiMn, 
0 4 X t^Wi31*«fc«L-C3c^fc#i 0 . 

*E#2rLiMn 2 O, «*JUfflr-fFTS£(C-9- 
A9)VX*% htfK LiMn, 0 4 «>Jt&ftf*&t\ Att ' 
ttfcti. L i M n 2 0 4 «)31||$£t21 4 8 mA ■ h r 

TCIitt 1 1 5~ 1 2 OmA • h r/g «fc 9A£ < ttt* 
4»*u5rH. f4^B B B ^)L i M n o 2 i&L e iE^ a a B ^M^ix 
t"*;ULi 2 Mn 2 O, 12. LiMn 2 0 4 X\?*JU£ 
OA* L*» . 
L i M n 0 2 &t>" L i 2 Mn, 0 4 (Cft LTlFfiiEH— 

[ 0 0 0 5 ] Clii £>0>J A&KiHHWcflSW)**-* 

y£ H-r-rs c fc tc ct o . y ^±.-&mmfi v- 

itf, LiNi0 2 OH-rtc, ny^h^f^yiJft 

iNi,., Co, O z (OSx^l)li, LiNi0 2 
£ *) '&=F££&imtl. L i Hztft&A . 3 ViUT 

LiCoOj «fc *) v HZ t, jW»*> 6 -f . 
£*)HHWWiL iCoOj &L C L i N i O z &Rtt(CS 

[0006] -o<Dft#§gte. S&^ifitf^ftjfcS:^ 
4JtyTL i N i O, **lfc J: -»T*J&— 

SW3t*S"CWH L . »#«a»fcfi&W-f 
£:T'£> I>. PJ;ii2\ 0hzuku4,{2 (Journal of Elect 
rochem. Soc, Vol.142. 4033 (1995)) , —»/lr)l1&\) 
r??J*.r> K-vt^ h i: LT A 1 3* £$>ffl-f & fc/LIN 
i 0.75 A I0.25O4 **aafcU LiNi0 2 KJtUfcL 

WA ^n^HMWBi*jarC*ft. Nakare^O 
*B»f!F»5, 5 9 5. 8 4 AP'tftffcbO 

T. tovidsonfc^OtfBBIffMPS . 3 7 0, 9 4 9 
iiltf, LiMnO, iZ^XJAA^y^mX-T^t, & 

mz&fex^?>um<omixti*l&.Vt£ttZ>. jE3t* 
vMAJt* tt)vmmtf£ss&ixh z ttf^znx^ 

[0007] 1/ f-? A&HBHMiifc:*- H-av r- £ K . 



imjEzmf-ffiZfryztizDntx. mmzmT-WMz 

a3*{±-r<T|Hlt:»fi^^TV^^ C o"l±Co 
♦♦ClWbTSs — 3TA l 3 *&l^Ga St tdrC&*V\ Lfc 
^•jT, L i N i 0 2 CCA 1 RVG a £ K— 7°Th t . 

-*«WR«r»fc5rV\ 4fc. H-^h>f jj-^iitSStcf 
T'lESi^g^&U^WLti'^r^^rtv Rosserub (So 
lid Stat* Ionics Vol.57, 311(1992)) tC=tiL{±\ Li 
N i 0 2 4»tCM n SrWA-f & fc * f"*> 

AT^ft. $<3^, H-Ky^KJ60»ft$. F-.A'>- 

[0008] ztibWBittztnsLx . ¥—y Ltz u f-^ 

*lW8m&Wft*h*M 9>V&tf£ v^Z b #M£ U\ 
±m<O£0l,Z. LiNiO z &Z/LiCo0 2 tt, ^5 
jgttj&HSV^ftfc:, »Tffiffl^j£#ft{il 4 0-150 
mA-hr/gttJ. $^>C LiMn 2 0 4 
?;M42UVM&ftT1±l 1 5—1 2 0mA • h r/gt 

[0 009] 

[JMW^Ij: ^ t-f 4HBH3 H-^ho 

nmzmzim%z*immit&m i £.mi-& z t vax 

BHt^«4» Itfc^WJBfetJV^aScSett^Av^ * 

frfr&3M£ >)m&Ztifzi>c0X'&&, 
[0010] 

ft&Mi, iCLiNi,., Co, M. M" b 0 2 X'fo 
V), ZZX-mtTi. Zr, fcZ>^\iZixt>cr>&*.£h 
HfrttimfrhMUtl* M'ttMg. C a. Sr. B 

4. »4t<(i. mi+?y* M'«7^^A-Cio 

x=y + a + btj>0. xl*0£*)jzZ<W)0. 5 KIT 



J:0**<*50. lSOT-C'^O, b«0 J: 
0. 1 5«TC*&. *F£L<ti, 0<xSO. 5. 
0. lSySO. 3, 0<agO. 15, 0<b^0. 
15?*9~ al4«»bk:*t<. iO$r4L<l4ati 
bfc*U*. JB^T. #±b<tibttaJ:Dfc/KK* 

ifiRtf 1 ) A>f * >iEM?}IEBi*% 4 ft ^ 4 . 
[00 11] ^(s:^ B J1t-ti^ 3SL i N i i- x Co 

y M a m " b o 2 ^aiafl:^ft*f3S-r&^rffi***4^ 

4. sWWBtCJ:*».tf. -t&WztL iNi,., Co, M a 
M" b 0 2 WBrS'WMtfcfc SctfiC Uf-^A. - 

ft W V-X^W*-«^«^*- --^'MtiT i . 
Zr , fc*^i::ft*^*£fc^fc&&#^'S { * 
it. M~l£Mg. Ca, Sr. Ba, fo&\^*Ztlt><V 

ti**ir^fc$: waw&tE 

T. 5 0 O'Ch 1 0 0 0Xl<?)1&<r)i§J&X'l$ ] G3Htn1fa£& 

-ffi-c^-rs^t^^ra. ^fe&Mj£-r4 . iff 

4 I < l±. ft^BStt 5 0 0"C t 6 0 OXWiaoiBfltCffi 

j&u <xtc7 o o'ct 9 o ox:«ia^>affi*caafrf& . 

jBB^llf ^C^*«*W»*«W't5 **• -eft <^> 

[00 12] 

•TSWWBWMMHkfc*^ gift. #f&BJ3£±9ft# 

8?3 ft "C&v*. tfL£« £tf>fflfi*#9S4K% 
L£ t> O-C* 0 s SMI#fe:*» B ^*ESI fee**" 

-ltd*!*'. 3$L i N i Co, M a M ' b 0 2 f ft 

M'iiMg. Ca. Sr. B 
a . h 4 V Mi -1 ft ^ & & tf ft 

4, fbtrtW. 7c*ii^io i 4 . 

x = y + a + b-C'J>0. xliOAO^K^O. 5UTF 
-C-ftO. y(±0«fc*)^t<^0. 5WTt'ftO. atiO 
iO^Kf^O. 15WTT*>9, b«0J:9:*&<*> 
0. 1 #*t<tt, 0. l^ygO. 3 

T'£>4. *SHBteJ:fttf. ftl^tcti. ztibnmWMfc 

«-c* •? * ^ H B B tf)/i«t£W-r4. jp/- 

T. 3.*#l43»*4J:3fc» Co. M. SXttVI'tiL 
i N i o 2 ctstt*-* rMzn-th Fwtybk LT 
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[0013] iifi^J: 5 MJ4T i . Z r . &4U2 
g. Ca. Sr. Ba. ftS^iiCft^ffl^ft** 1 

l&*S0»fcawHi&. #4L<i4. m«^-^>\ m" 

$ ft . jzm&X'O&lii*^ 7 US:* 1 £>*f 

*;Mr-liT i <z>3 d^f J: 0 fc*< . i^Ni RVC 
o^Bdtfj: 0 (Veh £>. Atomic Data and Nu 

clear Data TablesVol.32, 1-155 (1985) ) «t. M = 
TiXtJfM * =Mg*«ffl-^&fc, LiNi,., Co, 
T i a Mg b O 2 4"TT i Rl^M gliTi* 1 &tf M g « + 
^ftt ^4 . a = b ^ 
&tXrJA<;Whc7)S!^»i3^tv^ fc*^L 'j SO 
±ieW4t±Li + Ni»*,., Co3% Ti" a Mg 
2% 0 2 tfSiH--&ii:^t'*S 4 Ti^MMg^W 
nffittl#»ffllf{i^twt\ ^iiifiS^O (l 
-2a) <DLi L^KOiSCfc^^^ fic->^^ * 

^|^l%ffli^^fc:^§fti». t&w-tfttf. -f<X 

£0N i 3t ^t>'C o3 + ^'N i^MfCotHzmitZtlht 
jtm&iktK). %Mz%m,LtzmM^ i + x Ni«* 
i. x Co", Ti (t a Mg 2t a O, X'tbh. ttz. 

tfrnim^zimisfcimizn^x, l i n i o 2 mf 
LiCoOj ±o fc^»fc*tt"rsgsrc*ft t#^.^ft 

MHMZ& i ^xmzM&PrTx-z cottmco££mm.m 

$ftS. LiNi,., Co, Ti a Mg b 0 2 Ki5^ 
T. b<aT*$>4t. -y^ai^3^bOT*«SMIi 
« 3 mTTft 4 OT'. bSatWIt * J »4 L 

mk^^w^^^ra^'J f-^A^f ^yMLt L4 

b{±ackD{i4AH3^§ <^V%Clfc*W4LV>„ ^ 
oT. b : aOjrbti. jff4L<W»l fc 1/ (a + b> 

«s-z:'$>4 . Sn^.T . ±^<oi a (c, ai:b ir&cr>m& 

fc-&Srt-*ifc«*#*U^ 0<agO. 15. 0<b 
£0. 15. al4(5S:b^L<s K>« bSaT'J. 
4. 

[0014] *5ftW<0»4 L^M»^^ » SO 
^Wi. SLiNii-, Co,Ti a Mg b 0 2 arW 
L-. ::tx = y + a + b. 0<x^O. 5. 0. IS 
y S0. 3. 0<aS0. 15. 0<bS0. 15. T 
ftO. aliiaffbKHLV^ $A>t. »4L<*4, b(i 
ai9k>hS<&^. ^^-fh^Hl^ti- LiNi 0 . 7 
Co,., Ti 0 ., Mg 0 ., 0 2 . L i N i o. 75C °o. is 
T io.05Mgo.05O2. &tfL i N i 0 . 7 Co 0 .2 Ti 
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0.0&MS0.05O2 tftt&ti*. #ft«Ji«ofllBHfc£tofc:*t 

lt . c: urtm Lt:9mxr*i j f-*y£&*£*>it& z 

&K##jl/pix4. ZtibV&Wttittynz.' 
^fl8fl&&*^bttlCJi7'3BT'£ 3:^*2 fc' . **ir>. w 
K . d it i?>«*ia fb^teTTCg;l^*# 3 5tfi* > t -9- 

LfcJffi L v ^»J§.£ i 0 ftK LfcJBBHk^fttt - 3 
h Z-£&Zc^ik-&¥H<7)8 0~~9 0 m A • h r/glZ 
J&RLT . 83 5 mA • h r /gcO^"rffi£*£^rf . 
- WFTjfpgJitti^Six* «fc 9 , 

4 *»te«v «BBS«TffflW- 4 ^ t ft «T flfitS: ot^ 
4. S&fc, £ft£«OJHI^^Iii^fc-lM?M££ 

w l , z. vmmib&wm** m&+& ztz 

°mz LTV>4. *aWO*|BHt-&ft^ t> '3 — o»T-& 

T&**»ofc«jfi«4. imattfraE (Mz.«r, 4. 3 

VtfL i ) T*fcfrfflL*«T**, F«mEcO^-ffiL<OXM 

AisatRtf y -f-^ a^t * >-!M?) im® ( * y - 
F) #fc*ixS. AffiMfcLTli, ^IfeHJ^ilFalfb^-ti 
>1*H&we«W4: *£LT, ij V- h'SrffM 

-r*. aatiUf">A&«*>*v^i-&^. away?-? 

A&Kfc#LTttO. OVfcO. 7 VOiawttSUfc^W 

Aft l 0 &mnz fetfWT fcJt<. VHftRttW-t^ 
U— LTHwMHOjEfitmi: #i§SSii4 . ft 
«W*8*>Wfc LTfct H , B (#D>)', S 

£k xxisfb^, xx-y'j3>iMi &y^3-xx 

0, #*L<Jiy?^AS, f^ffLi PF 6 
#IWH<*> K-rLfcWBHfc^ftfciEffii: LTfltfBLfc* 

%\m*M&, ±>i>7-mm. xtf?? 

#T#4. 

[00 1 6] £4>£, #%HJ|{i, iNij., Co, 

4. *%ffllZ£tUS. ±M<D1&L i N i ,., Co, M a 
M" b O z 0)ffimWUitk%&£$lZ. y*»7A, - 

Mfry-*fc£ft*--8fc:fi£'*-*. -.TTMfiT i , 
*U M'liMg, Ca, Sr, Ba, &4V^2:«rix£><7) 



•fb£feT'S>4. «*tf. ASW&LTtt. y-Xlb£-% 

a. floss, tt-ftft. *&v>*4«nti*r*>**«, ^fifc-r 
&mmit^mz7tmvw&?: i>tz t>z%^mm%v-* 

.oy-x^^^^$ii^- 1 L, R-y- 

Zkbhl. M/J£. TiMgO, . WNi 0 . 75 Ti 

0. 2$o<7)£ 0 ttyv-Mt^-wiz.mmT'Z 
I.. ju^.t. y-xfb-&»±»4 Lv ^nwpcfcfu?^** 

[0017] :4T-i L < 14, fflBHfr&ttliBWBRJECJ; 0 

Sr*tt* l> v ^teSfflKJE i: «A^*>^T*'Jffl LT . ■ 
frKBS « 4 C fc A 1 * f iJT* •? o 4 . if . - v ir 
M, &{/M ' *^^4y-X-fb-^lS:, 
4-f*cOi:d^?S^^Mi:LT#ML, -v^/W, 3 

Ltijmfc%**kfc?&zti) i x'*&. mz, ze>m& 
LK*m<tmz y f-«> A^y-x^b^t . 4 
fc. y-x^^Srfl&oy-x-fc-^iwga^ssflBL, * 

B£L^X7 y-S:XTP— $g^LT, P^^^Sr^l 
4C1 k J: 0 . RJEBS^ftSrfai'f 4 - 1 4 . * 

SSift*cJ:->TSBb4. 

[0018] ft«LfcS^ift»±. Rf5f4 t , 'J 

^TT5 0 0"Ct 1 0 0 OWBB^iMfC. 
l^-^*<0*Jfifc««-*Wai»***«llR^4 . if 4 L 
< (i. l^li^x< ttfi20kP a«S*»ff&f 
lT4#HMT«-f4 . S t<«. ffiW&ft 
&<V%tmmiZfrffi l tt\ > i '3 (C-f 4 fctf> . SBR^EW 
filOOkPaTfti, fl-^Mtt 1 OA4 V»(4^ 

M^LL^Ml^X^T. &ftT'&4l$fa^£j4 

j£-T4. #4 l<(4, m&Mimi. 5 o ork 6 o o 

°CCDfflX\ S <b tcjff 4 L < t4«5» 5 5 0 'CT*5 4 mHSJ*»fc 

^2 4B$n («iif. i oi^na) muttt. &^x\ m 
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1, Title of Invention 

LITHIUM METAL OXIDE CONTAINING MULTIPLE DOPANTS 
AND METHOD OF PREPARING SAME 

2. Claims 

1. An intercalation coinpound having the 

formula LiNi^Co^M'^; ^herein H is selected from the 
group consisting of Ti, Zr, and combinations thereof; 
M' is eolectad from the group consisting o£ Mg, Ca, Sr, 
Ba, and combinations thereof; x=y+a+b; x is from 
greater than 0 to about 0.5; y is from greater than 0 
to about 0-5; a is from greater than 0 to about 0,15/ 
and b is from greater than 0 to about 0.15. 

2. The intercalation compound of Claim 1 
wherein M is Ti . 

3. The intercalation compound of any of the 
preceding claims wherein M' is Mg. 

4. Th© intercalation ooinpound of any of the 
preceding claims wherein a is approximately equal to b. 

5. The intercalation compound of any of the 
preceding claims wherein 0.1 * y s 0,3. 

6. The intercalation compound of any of the 
procading claims wherein b is no smaller than a. 

7. A positive electrode for lithium and 
lithium ion cells comprising an intercalation compound 
according to any of the preceding claims. 

8. x method of preparing an intercalation 
compound of the formula LiNi^Co^M'^, comprising the 
steps of: 
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mixing stoichiometric amounts of source 
compounds containing lithium, nickel, cobalt. M and M' , 
wherein M is selected from the group consisting of Ti, 
zr, and combinations thereof, and M' is selected from 
the group consisting of Mg, Ca, sr, Ba, and 
combinations thereof, to give the desired molar ratio 
for the formula LiNi^COyMiM' v,O z wherein x=y+a+b, x is 
from greater than 0 to about 0.5, y is f«"" greater 
Chan 0 to about 6.5, a is from greater than 0 to about 
0.1S, and b is from greater than 0 . to about 0.15; 

firing the mixture at a temperature between 
500*C and 1000°C in the presence of oxygen for 
sufficient time to product the intercalation compound 

in a single phase; and 

cooling the intercalation compound in a 

controlled manner. 

9. The method according to Claim 8 wherein 
the firing step comprises firing the mixture at a 
temperature between 500»C and 600°C, and then firing 
the mixture at a temperature between 700*C and 900°c. 

xo. Tha method according to Claim 9 wherein 
said firing step comprises firing the mixture at a 
temperature between SO0°C and 600*C for between about 4 
and about 24 hours, and then firing the mixture at a 
temperature between 700 "C and S>00«C for between about 4 
and about 24 hours. 

11. The method according to Claim 8, 9 or 10 
wherein said firing step comprises firing the mixture 
in an atmosphere with an oxygen partial pressure of at 
least 20 kPa. 
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3. Detailed Explanation of the Invention 

This application is related to U.S. Patent 
plication Serial No. 08/954.372, filed October 20 , 

which is hereby incorporated by ~ f * ren ~ ^ 
entirety, U.S. Provisional Application No. «/046jB7O. 
5 filed May 15, 1997, and U.S. Provisional Application 
' No. 60/046,571, filed May 15, !■»*« — ^7*' e) 
benefit of these applications under 35 U.S.C. § 119(e) . 

yrTTCTiT) OF T HF! IMV EMTIOM 

This invention relates to metal oxide 
L0 compounds and to preparation methods thereof More 
specifically, this invention relates to doped metal 
oxide insertion compounds for use in lithium and 
lithium- ion batteries. 

15 M etal oxides such as lithium metal oxides 

have found utility in various applications. Por 
example, lithium metal oxides have been used as cathode 
materials in lithium secondary batfceri... Hthxurn and 
lithium ion batteries can be used for large power 
applications such as for electric vehicles, in thxs 
apecific application, lithiunv or lithium ion cells are 
put in series to form a module. In the event that one 
or more of the cells in the module fails, the rest of 
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the cells become overcharged resulting possibly in 
explosion ot cbe cells- Therefore, it is important 
that each cell is individually monitored and protected 
against overcharging. 
5 The most attractive materials for use ae 

cathode materials for lithium ion secondary batteries 
have been LiCoO,, LiNiO,, and LiM^O,. However, although 
th*e* cathode materials are attractive for use in 
• lithium ion secondary batteries, there are definite 

10 drawbacks associated with these materials. One of the 
apparent benefits for using LiNiO a and LiCoO, as cathode 
materials is that these lithium metal oxides have a 
theoretical capacity of 275 mA-hr/g. Nevertheless, the 
full capacity of these materials cannot be achieved in 

15 practice. In fact, for pure LiNi0 2 and LiCoO,, only 

about 140-150 mA-hr/g can be used. The further removal 
of lithium by further charging (overcharging) the LiNiO, 
and l.iCo0 2 material degrades the cycleabilicy of these 
material* by moving niokol or cobalt into the lithium 

2 0 layers. Furthermore, the further removal of lithium 

causes exothermic decomposition of the oxide in contact 
with the organic electrolyte under heated conditions 
which poses safety hazards. Therefore, lithium ion 
cells using LiCo0 2 or LiNiO* are typically overcharge 
25 protected. 

LiCo0 2 and LiNiOj have additional 
disadvantages when used in lithium ion . batteries . 
Specifically, LiNi0 2 raises safety concerns because it 
has a sharper exothermic reaction at a lower 

3 0 temporatur* than LiCoO a . As a result, Che charged w3 

product, HiOj, is unstable and can undergo an exothermic 
decomposition reaction releasing o 2 . See nahn et al, 

Solid State ionics, Vol. 69, 26S (1994). Accordingly, 
pure LiNiO, is generally not selected for use in 
commercial lithium-ion batteries. Additionally, cobalt 
is a relatively rare and expensive transition metal, 
which makes the positive electrode expensive.- m 



35 



JSDOCID: <JP..411092148A._J_> 



(1 3) 



#HPP1 1-92149 



Unlike LiCoO a and LiNiO a , LiMn 2 0 4 spinel is 
believed to be overcharge safe and is a desirable 
cathode material for that reason. Nevertheless, 
although cycling over the full capacity range for pure 
S LiMn a 0 4 can be done safely, the specific capacity of 

LiMn 2 0 4 is low. Specifically, the theoretical capacity 
of LiMn 2 0 4 is only 14 8 mA* hr/g and typically no more 
than about 115-120 mA* hr/g can be obtained with good 
cycle&bility. The orthorhombic LiMnb 2 and the 

10 tetragonally distorted spinel lii 2 Mri20 4 have the 

potential for larger capacities than is obtained with 
the LiMnjO* spinel. However, cycling over the full 
capacity range for LiMn0 2 and Iii 2 Mn 2 0 4 results in a rapid, 
capacity fade. N ' 

15 Various attempts have baan made to either 

improve the specific capacity or safety of the lithium 
metal oxides used in secondary lithium batteries by 
doping these lithium metal oxides with other cations. 
For example, cobalt cations have been used to dope 

20 LiNiOj. Nevertheless, although the resulting solid 

solution LiNi 10 <Co x 03 {OsXsD may have somewhat improved 
safety characteristic* over LiHi0 3 and larger useful 
capacity below 4.3 V versus Li than LiiCo0 2 , this solid 
solution still has to be overcharge protected just as 

25 LiCo0 2 and LiNiOj. 

one alternative has been to dope LiNio 2 with 
ions that have no remaining valence electrons thereby 
forcing the material into an insulator state at a 
certain point of charge and protecting the material 

30 from ovorcharg©. For example, Ohzuku et al- (Journal 
of Electrochemical Soc, Vol. 142, 4033 (1995)) 
describe that the use of Al A * as a dopant for lithium 
nickelates to produce IiiNi 0 75 Al 0#25 O fl oan result in 
improved overcharge protection and thermal stability in 

35 the fully charged state as compared to LdNi0 2 . However, 
the cycle life performance of this material is unknown. 
Alternatively, U.S. Patent No, 5,535,842 to Nakare et 
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al. demonstrates the use of Ga'* instead of Al 5 *. In 
another example, C.S. Patent No. 5,370,949 to Davidson 
at al. demonstrates that introducing chromium cations 
into LiMnO, can produce a tetragonally distorted spinel 
type of structure which is air stable and has good 
reversibility on cycling in lithium cells. 

Although doping lithium metal oxides with 
single dopants has been successful in improving these 
materials, the choice of single dopants which can he 
used co replace the metal in the lithium metal oxide is 
limited by many factors. For example, the dopant ion 
has to have the right electron configuration in 
addition to having the right valency. For example, 
Co 1 *, Al' 4 , and Ga** all have the same valency but Co" 
IS can be oxidised to Co 4 * while Al 3 % and Oa J * cannot . 
Therefore doping LiNio a with Al or Ga can produce 
ovesroharge protection whila doping with cobalt does not 
have the same effect. The dopant ions also have to 
reside at the correct sites in the structure. Rossen 
20 et al (Solid State ionics Vol. 57, 311 (1992)) shows 
chat introducing Mn into LiNiO a promotes cation mixing 
and therefore has a detrimental effect: on performance. 
Furthermore, one has to consider the ease at which the 
doping reaction can be carried out. the cost of the 
25 dopants, and the toxicity of the dopants. All of these 
factors further limit the choice of single dopants. 

In addition to these factors, it fs also 
desirable that the doped lithium metal oxide has a high 
usable reversible capacity and good cycleability to 
30 maintain this reversible capacity during cycling. As 
mentioned above, LiNiO a and LiCoOj have usable 
reversible capacities in the range of 140-150 mAhr/g 
because of their low thermal stability. Moreover, 
LiMn 2 0 4 can generally only be operated at 115-120 
35 mA-hr/g with good cycleability. Therefore, there is a 
need in the art to produce a doped lithium metal oxide 
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that exhibits an improved reversible capacity and good 
cycleability* while maintaining thermal stability. 

SUMMARY OF THE IWENTI-QH 
The present invention provides a multiple- 
5 doped lithium metal oxide and a method of preparing 
same wherein the dopants used have been found to 
produce an improved intercalation compound that is ■ 
particularly suitable for use in the positive 
electrodes of lithium and lithium ion batteries* 

10 Unlike che doped lithium metal oxide compounds of the 
prior art, the intercalation compound of the invention 
has a low irreversible capacity and thus has a high 
reversible capacity during cycling. Furthermore, the 
intercalation compound of the invention has excellent 

15 cycleability and therefore its high reversible capacity 
can be maintained for hundreds of cycles. The 
intercalation compound of the invention can be 
conditioned at normal operating voltages and thus does 
not require a series of high voltage conditioning 

20 cycles. Moreover, the intercalation compound of the 

invention has good thermal stability, especially in the 
charged state, as desired for lithium and lithium ion 
cell applications. 

The intercalation compound of the invention 

25 has the formula LiNi 1 . x c6 y M B M' b o a , wherein k is selected 
from the group consisting of Ti, Zr, and combinations 
thereof r and M' is selected from the garoup oonsisfcing 

of Mg, Ca, Sr, Ba, and combinations thereof. 

Preferably, M is titanium and M' is magnesium. Tho 
30 elements in the compounds are present such that 

x=y+a+b; x is from greater than 0 to about 0.5, y is 
from greater than 0 to about 0.5, a is from greater 
than 0 to about 0.15, and b is from greater than 0 to 
about 0.15. Preferably, 0 < x sc 0.5/ 0.1 s y s 0*3, 
35 0 < a s 0.15, 0 < b s 0.15 f and a is approximately 

equal to b. In addition, b is preferably no smaller 
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than a. The present invention also includes a positive 
electrode for lithium and lithium ion batteries 
comprising the intercalation compound. 

The present invention further includes a 
5 method of preparing an intercalation compound of the 

formula LiNi^COyMjM'bOj . According to the method of the 
invention, stoichiometric amounts of source compounds: 
containing lithium, nickel, cobalt, M' and M, wherein M 
is selected from the group consisting of Ti, Zr, and 

10 combinations thereof, and M is selected from the group 

consisting of Mg, Ca, Sr, Ba, and combinations thereof, 
are mixed together to give the desired molar ratio for 
the formula LiNi 1 . M Co y M.M' )> 0 3 - described above. The 
mixture is then fired at a temperature between 500 °C 

15 and 1000'C in the presence of oxygen for sufficient 

time to produce the intercalation compound in a single 
phase. Preferably, the mixture is fired at a 
temperature between S00»C and 600°C; and then fired at 
a temperature between 700 B C and 900°C. The resulting 

20 intercalation compound is then cooled in a controlled 
manner . 

In addition to the above features and 

advantage©, other features and advantages o£ the 

present invention will become more readily apparent to 
those skilled in the art upon consideration of the 
following detailed description and drawings which 
describe both preferred and alternative embodiments of 
the present invention. 

T3RTEF DESCRIPTION OF THE DRAWINGS 
Figure l is a graph of specific capacity 
versus cycle number for a secondary lithium ion cell 
including a positive electrode prepared according co 

the invention. 

Figure 2 is a graph of heat flow versus 
temperature and compares an intercalation compound of 
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Che invention to LiNiO», LiCo0 2 , LilTi o . 0 C© 0t; ;O 3 , and 
LiNi fl , 7S Ti 0 . 12 5Mg 0 . 13 jO 3 , 

DETAILED DESpRIPTION OF THE FRfiFBRREP EMBODIMENTS. 

The present invention will be described more 
fully hereinafter with reference to preferred 
embodiments of the invention. This invention can, 
however, be embodied in m&ny different forma and should 
not be construed as limited to the embodiments set 
fordh herein; rather, these embodiments are provided so 
that this disclosure will be thorough and complete, and 
will fully convey the scope of the invention to those 
skilled in the art. 

The intercalation compounds of the invention 
have the formula LiNi^Co^M' b 0 3 , wherein M is selected 
from the group consisting of Ti, Zr, and combinations 
thereof, and M' is selected from the $xoup consisting 
of Mg, Ca, Sr, Ba, and combinations thereof. The 
elements in the compounds are present such that 
x-ry+a+b, x is from greater than 0 to about o.S f y is 
from greater than 0 to about 0.5, a is from greater 
than 0 to about 0.l5 r and b is from greater than 0 to 
about 0.15. Preferably, 0,1 s y * 0.3. In accordance 
with the invention, those intercalation compounds are 
typically in a single phase and have a hexagonal 
layered crystal structure, in addition, as will be 
understood by those of skilled in the art, 'Co, M and M' 
are used as dopants for nickel in LiNi0 2 and are not 
used to take the place of lithium ions in the 
intercalation compound- Therefore, the reversible 
capacity is maximized in the intercalation compound of 
the invention. 

As mentioned above, M is selected from the 
group consisting of Ti, Zr, and combinations thereof, 
and M' is selected from the group consisting of Mg, Ca, 
ST, Ba, and combination* thereof. preferably, M is Ti 
and M' is Mg, The use of M and M' at the same time 
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imposes intrinsic overcharge protection on the 
intercalation compounds and improves the safety of the 
material while maintaining good cycleability at large 
capacities. For example, as illustrated using M - Ti 
and M' - Mg, it is believed that Ti and Mg have the 
form Ti 4 * and Mg* in LiNi^Co^TiaMg.O, because the 
energies of Mg 2s electrons are higher than Ti 3d 
electrons which in turn ate higher than Mi and Co 3d 
electrons (Yea et al. Atomic Data a«d Nuclear Data 
Tables Vol. 32, 1-155 (1985)). It can be shown that 
the oxidation state o£ nickel and cobalt .qu»l« 3 when 
a-b so that the material can be written as 
Li *Nit: x Col*TifMgVo t . Since there are no remaining 
valence electrons in either Ti- or Mg", only (l-2a) Li 
per formula unit can be removed and there core 
overcharge protection is achieved- intrinsically. In 
other words, the charge will scop when all the and 
Co s * is oxidized to Ni- and Co- and the fully charged 
material IS LiiNi^Co^Tir^^. Also, the material is 
believed to be more stable against decomposition in the 
fully charged state than LiN10 2 and LiCoC^. This 
stability improves the safety of the material under 
surcharge condition in lithium ion electrochemical 
cells. Because the average oxidation state of nickel 
and cobalt is less than 3 in LiNi x . >t Co )f Ti,Mg b 0 2 when b<a, 
it is preferred that b*a, especially because Ki" ions 
tend to migrate to the lithium layers causing diffusion 
problems for lithium during electrochemical charge and 
discharge. Furthermore, it is preferred that b is not 
much greater than a because the oxidation state of 
nickel and cobalt will approach 4 which makes it 
difficult to formulate single phase intercalation 
compounds. Therefore, the ratio of b;a is preferably 
between about 1 and about i/{a+b) - In addition, as 
described above, a and b preferably meet the following 
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relationships: 0 < a s 0.15, 0 < b s 0.15, a is 
approximately equal to b, and b&a. 

in a preferred embodiment of the invention, 
the intercalation compound has the formula 
LiNi^COyTi^MgaOi, wherein x*y+a+b; 0 < x * 0.5; 0.1 s y 
jc 0.3; 0 < a * 0.15; 0 < b s 0,15; and a is 
approximately equal to b. Furthermore, preferably b is 
no smaller than a. Exemplary compounds include 
LiNi..,Co 6 vr±o.rMg D-1 q ar niNi 0 . 75 Co 0 . ls Ti e . 05 Hg,, g 50 a/ and 

JUiNi D . ? Co 6 . a Ti 0 .o5Mgo.o5 0 2 - 

For the intercalation compounds of the 

invention, it has been discovered that by combining 
ceitiona in the range© described her*!**, there i* 
significant: improvement in the irreversible capacity 
and cycleability of the intercalation compound. In 
fact, these improvements have been so significant as to 
be unexpected for this particular combination of 
cation©. Specifically, thee* intercalation compounds 
exhibit a significant decrease in irreversible capacity 
and significant increase in cycleability. The 
intercalation compounds prepared according to the 
preferred embodiment described in the previous 
paragraph, for example, exhibit an irreversible 
capacity of about 35 mA-hr/g compared to 80-90 mA-hr/g 
for compounds that do not include cobalt. This 
irreversible capacity is much lower than would be 
expected in the art and allows cells using this 
material in positive electrodes to operate with a much 
higher reversible capacity than has been known in the 
art. Furthermore, these intercalation compounds have 
excellent cycleability thereby allowing the 
intercalation compounds to maintain this high 
reversible capacity. Another unexpected benefit of the 
intercalation compounds of the invention is that these 
materials can be conditioned at normal operating 
voltages (e.g. 4.3 v versus tii) and do not require high 
voltage conditioning steps. 
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The present invention also includes a 
positive electrode {cathode) for lithium and lithium 
ion batteries comprising the intercalation compound. 
The intercalation compound of the invention i* 
typically combined with a carbonaceous material and a 
binder polymer to form a cathode. The negative 
electrode can be lithium metal or alloys, or any 
material capable of reversibly lithiating and 
delithiatins at an electrochemical potential relative 
to lithium metal between about 0.0 V and 0.7 V. and is 
separated from the positive electrode material in the 
cell using an electronic insulating separator. 
Examples of negative electrode materials include 
carbonaceous materials containing H, B, Si and Sn; tin 
oxides; tin-silicon oxides; and composite tin alloys. 
The electrochemical cells further include an 
electrolyte. The electrolyte can be non-aqueous 
liquid, gel or solid and preferably comprises a lithium 
salt, e.g., LiPF*. Electrochemical cells using the 
intercalation compounds of the invention as positive 
electrode material can be combined for use in portable 
electronics such as cellular phones, camcorders, and 
laptop computers, and in large power applications such 
as for electrio vehicles. 

The present invention further includes a 
method of preparing an intercalation compound of the 
formula LiMij, R CoyM 4 M ' b O t . According to the method of the 
invention, stoichiometric amounts of source compounds 
containing lithium, nickel, cobalt, M' and M, wherein m . 
is selected from the group consisting of Ti, Zr, and 
combinations thereof, and M is selected from the group 
consisting of Mg, Ca, Sr, Ba, and combinations thereof, 
are mixed together to give the desired molar ratio for 
the formula liNi^Co^M' „0 2 described above. As stated 
above, it is preferred that M is titanium and M' is 
magnesium. The source compounds (raw materials) can be 
the pure elements but are typically compounds 



JSOOCItt <JP_411092149A_J_> 



(2 1) ttBWPl 1-92 14 9 



containing the elements such as oxides or ealte 
thGraof , For example, the source compounds are 
typically hydrated or anhydrous oxides, hydroxides, 
carbonates, nitrates, sulfates, ehlorides or fluorides, 
tout can be any other suitable source compound that will 
not cause elemental defects in the resulting 
intercalation compound. The elements for the 
intercalation compound can each be supplied from 
separate source compounds or at least two of the 
elements can be supplied from the same source 
compounds. For example, mixed source cation compounds 
such as TiMg0 3 and Ni d . ?5 Ti 0 . a6 O can be used. In addition, 
the source compounds can be mixed in any desirable 
order . 

Although the intercalation compounds are 
preferably prepared by a fiolid state reactions, it can 
be acfrantageous to react the raw materials using wet 
chemistry such as col-gal type reactions, alone or in 
combination with solid state reactions. For example, 
the source compounds comprising the nickel, cobalt, M 
and M' can be prepared as a solution in a solvent such 
as water and the nickel, cobalt, M and M' precipitated 
out of solution as an intimately mixed compound such ae 
a hydroxide. The mixed compound can then be blended 
with a lithium source compound. The reaction mixture 
can also be prepared by suspending, source compounds in 
a solution of other source compounde and spray drying 
the resulting slurry to obtain an intimate mixture. 
Typically, the selection of reaction methods will vary 
depending on the raw materials used and the desired end 
product . 

The mixture once prepared can be reacted to 
form the lithium metal oxide. Preferably, the mixture 
is reacted by firing the mixture at a temperature 
between 5Q0°C and 10O0°C in the presence of oxygen for 
sufficient time to produce the intercalation compound 
in a single phase. Preferably, the mixture is fired in 
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an atmosphere having an oxygen partial pressure of at 
least about 20 kPa. More preferably, the oxygen 
partial pressure is about 100 kPa to discourage the 
material from decomposing into a cubic rock-salt 
structure. The mixture is generally fired for a total 
of between about 4 and about 48 hours in one or more 
firing steps. Preferably, the mixture is first fired 
at a temperature between -500 "C and 600«C. more 
preferably about 550°C, for between about 4 and about 
3 4 hour* (e.g. 10 hours) . The mixture is then fired at 
a temperature between 700«C and 90 0 o C , mD re preferably 
about 900°C, for b*t W ««n ^=^t 4 and about 24 hours 

(e.g. 10 hours) . 

The resulting interaalat ion compound is then 
cooled in a controlled manner. Preferably, the fired 
mixture is cooled at a rate of 5-C/min or less. For 
example, the intercalation compound can be cooled at a 
rate of l°c/raln unttl the intercalation compound is at 
a temperature of about 500°C. The intercalation 
compound can then be allowed to cool naturally to room 

temperature . 

In the preferred embodiment described above 

having the formula LiNi^co/ri.Mg^. a single phase can 

be obtained by the following steps. First, 

stoichiometric amounts of a lithium source compound, a 

nickel source compound, a cobalt source compound, a 

titanium source compound and a magnesium source 

compound are mixed in any desired order to give the 

desired molar ratio according to the formula 

LiNi^COvTi^O,. Jts described above, the lithium, 

nickel, cobalt, titanium and magnesium can be supplied 

by separate source compounds or two or more of these 

elements can be supplied by a single source compound. 

For example, TiWg0 3 and Nl 0 .„Ti 0 . 25 O are commercially 

available compounds which can supply two cations for 

use in the intercalation compounds of the invention. 

The mixture is fired at a temperature between 500-C and 
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SO0°C, preferably 550°C, and then fired at a 
temperature between 700°C and 900©C, preferably 800 C C. 
The mixture is fired in an atmosphere with a partial 
pressure of oxygen of at least 20 kFa, preferably about 
100 kPa. The fired mixture is then cooled in a 
controlled manner, preferably at a rate of 5°C/min or 
less. For example, the fired mixture can be cooled at 
& rate of L°C/min to SO0°4C, and then cooled naturally 
to room temperature. The firing temperature and the 
soak times are chosen depending on the amounts of the 
elements used and the oxygen partial pressure so that 
the lithium to Ni 1 . x Co y Ti,Mg h ratio in the structure 
preferably approximates 1:1 and no sio^iif leant cation 
mixing between lithium and the other metals occurs in 
the layers. 

As mentioned above, in addition to producing 
the intercalation compounds of the invention by solid 
state methods, these compounds can also be made by wet 
chemistry methods. For example, Ni, Co, Ti and Mg can 
be precipitated simultaneously from a solution 
containing these ©laments resulting in an intimately 
mixed compound. The mixed compound having tha daeired 
molar ratio according to the formula LilU^CoyTi^gbOa 
can then be blended with a lithium source compound and 
fired as described above to produce the intercalation 
compound of the invention. When the elements are mixed 
using wet chemistry methods f the mixture can generally 
be fired for a shorter period of time to produce 
uniform diffusion of the Ni r Co, Ti and Mg. 

The present invention will now be described 
according to the following non-limiting examples, 

Example 1 

Stoichiometric amounts of IiiOH, NiO, Co ? 6 4/ 
TiO a , and Mg(OH) 3 to give h±K± 0t iCo Ott TU.* 5 Hg 9t0 iO z are mixed 
6tnd fired at * tewperabure of 550*C for 10 Hours And 
then at 300*C for 10 hours in an atmosphere with the 
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oxygen partial pressure close to 100 *Pa. The cooling 
was controlled at 1'C/min down to 500»C followed by 
natural cooling to room temperature. A powder x-ray 
diffraction pattern of the integration compound shows 
a single phase material with a hexagonal (or 
rhombohedxal) layered structure similar to that of «- 
NaFe0 2 . The same single phase material was also 
produced firing the mixture in an atmosphere with the 
oxygen partial pressure close to 20kPa. 

Sample 2 

Electrochemical cells with lithium metal as 
the anode and cathodes with LU»i,.,COo.aTl 0 .osM9o.«Oa 
(prepared according to Example 1) as the active 
material were made and tested. The electrolyte was IM 
LiPF s in a 50/50 volume percent mixture of ethylene 
carbonate and dimethyl carbonate solvents . Celgard 
3501 eeparatore and NRC.232S coin call hardware were 
used. The cathode consisted of 85% active material (by 
weight) , 10* super S™ carbon black and 5* 
polyvinylidene fluoride (PVDF) as a binder polymer, 
coated on aluminum foil. The test results of one such 
cell is shown in Fig. 1. The cell was charged and 
discharged with a constant current of 0.3 mA between 
2.SV and 4.3V. The active mass of cell was 9.9 mg, and 
therefore the current density per active weight was 30 

As demonstrated in Figure 1, the irreversible 
capacity for the cell is 35 .mA- hr/g and thus the 
reversible capacity obtained at an upper cut-off 
voltage of 4.3V is 160 mAhx/g. Therefore, the 
reversible capacity is improved prior art compounds. 
Furthermore, the material has excellent cycle stability 
(or cyolaability) . Thee© properties have been 
demonstrated without having to subject the compound to 
an initial 5V conditioning charge, instead, the 
battery was cycled directly at a 4.3V cut-off voltage. 
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sample 3 
LiNi0 2 , LiCo0 3 , Litfio.« Cc «.*°a' 
lii«fi 0 . 7B Ti 0 .i«Mg 0 . lM O 1# and the intercalation compound 
LiNi 0 . 7 Co 0 . 2 Ti 0 . os Mg 0 „ M 0 3 prepared in Example 1, were each 
used ae the active cathode material for electrochemical 
cells prepared in the manner described in Example 2 
using between 10 mg and 20 mg active material for each 
cell. The celle were first conditioning charged to 5.Q 
V and discharged to 3.0 V, and then float charged to 
4,5 V with 0.2 toA current for 4 0 hours to ensure 
equilibrium conditions, the charged cells were then 
transferred to a glove box filled with argon and 
opened. Between 0.1 mg and 1.0 mg of the cathode 
material from the cells was removed and hermetically 
sealed into DSC cells. Each of cells contained 10-15% 
of the electrolyte described in Example 2. Figure 2 
illustrates the DSC results for these compounds with 
the area of interest magnified in the inset. The 
positive heat flow in Figure 2 raprasent heat flawing 
out of the sample. As shown in Fig. 2, 
LiNi 6 .,Co 0 . a Ti D . 06 Mg a . 0E O 3 has a much smaller exotherm than 
LiNiO a , Licoo a and I*iNi 0t ,Co 0 , a O a in the delithiated state, 
and its exotherm is comparable to that of 
LiN± t .„Ti til „Mg 0 .«A in the delithiated state. This 
demonstrates the good thermal stability and safety 
advantage in the charged state of the material of the 
invention. 

The present invention provides a multiple- 
doped lithium metal oxide and a method of preparing 
same wherein the dopants used have bean found to 
produce an improved intercalation compound that isr 
particularly suitable for use in the positive 
electrodes of lithium and lithium ion batteries. 
Unlike the doped lithium metal oxide compounds of the 
prior art, the intercalation compound of the invention 
has a minimal irreversible capacity loa» and thus has a 
high specific capacity during cycling. Furthermore, 
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the intercalation compound of the invention has 
excellent cycleabiiity and therefore this high specific 
capacity can be maintained for hundreds of cycles. 
The intercalation compound of the invention can be 
conditioned at normal operating voltages and thus does 
not require a series of high voltage conditioning 
cycles. Moreover, the intercalation compound or the 
invention has good thermal stability, especially in the 
charged state, as desired for lithium and lithium ion 

cell applications. 

Many modification* and other embodiments of 
the invention will come to the mind of one skilled in 
the art to which this invention pertains having the 
benefit of the teachings presented in the foregoing 
descriptions and the associated drawings. Therefore, 
it is to be understood that the invention is not to be 
limited to the specific embodiments disclosed and that 
modifications and other embodiments are intended to be 
included within the scope of the appended claims. 
Although specific terms are employed herein, they are 
used in a generic and descriptive sense only and not 
for purposes of limitation. 



4SDOC10: <JP_411092149A_J_> 



(27) 



1-92 14 9 




(B/jqvuu) JULIOVdVO OlsHOadS 



-VVtrv - to 4 4 «rt<v>4 <n» I «. 



(28) »BB¥1 1-92 149 




(B//v\) aaoh ;b»h 



■ISDOCID: <JP_411092149A_J_> 



(29) 



*ERPP1 1-92 14 9 



jL Detailed Explanation of the Invention 
1, Abstract 

The present invention provides a multiple- 
doped lithium metal oxide and a method o£ preparing 
same for use in the positive electrodes of lithium and 
5 lithium ion batteries. The intercalation compound of 

the invention has the formula LiNi^Co^M' b 0 2 , wherein M 
is selected from the group consisting of Ti, Zr, and 
combinations thereof, and M' ia selected from the group 
consisting o£ Mg, Ca, Sr, Ba, and combinations thereof. 
10 The elements in the compounds are present euch that 
x=y+a+b, x is from greater than 0 to about .0.5, y is 
from greater than 0 to about 0.5, a is from greater 
than 0 to about 0,15, and b is from greater than o to 
about 0.15- 

2 Representative Dra wing 
none 
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